Wet root rot caused by Rhizoctonia solani is one of the important diseases in chickpea worldwide. In the present study, 10 random amplified polymorphic DNA (RAPD) primers were used to assess the molecular diversity of 50 chickpea isolates of R. solani. There was a great diversity among the isolates studied and was in the range of 52 to 93%. The isolates were highly variable in aggressiveness and caused up to 100% wet root rot incidence in chickpea. Accurate detection and identification of plant pathogens are fundamental to plant pathogen diagnostics and management. Therefore, a polymerase chain reaction (PCR) assay was developed for accurate and sensitive detection of R. solani from mycelial DNA and infected chickpea plants. RAPD primer OPA 11 consistently amplified ≈1700 base pairs (bp) product in PCR only from the DNA of R. solani isolated from chickpea. The common DNA fragment was sequenced and used to design a pair of oligonucleotide primers amplifying 285 bp sequence characterized amplified region (SCAR). The specificity of the SCAR primers was evaluated. The detection sensitivity of R. solani was 0.5 ng for the genomic DNA and 5 ng for the DNA extracted from infected chickpea root samples. Also, SCAR primer was validated with Q-PCR to detect and quantify R. solani upto 1 pg from infected chickpea root samples. These new SCAR marker are useful for early detection and quantification of wet root rot pathogen in chickpea.
INTRODUCTION
Chickpea (Cicer arietinum L.) is a leading winter legume crop in India. It is cultivated in an about 8.21 million hectares, with an average annual production of 7.48 million tonnes along with a productivity of 911 kg ha -1 (Anonymous, 2010) . Besides in India, chickpea is widely cultivated in other tropical, sub-tropical and temperate regions of the world. Kabuli type chickpea is grown in temperate regions while the desi type is grown in semi arid tropics. Both types of chickpea are commonly grown in India, but the cultivation of desi type is predominated. All types of chickpea irrespective of plant type, variety and seed size are susceptible to Rhizoctonia solani. Many soil borne fungal pathogens cause wilts and root rots in chickpea, which seriously reduce the production. Among all, wet root rot (WRR) caused by R. solani Kühn, is important production constraints in chickpea cultivation especially in rice-chickpea cropping system or in wet areas (Haware, 1998) . R. solani is a polyphagous fungus, very common in most soils and with a very wide range of host plants (Nelson et al., 1996; Blazier and Conway, 2004; De Curtis et al., 2010) . R. solani causes root rot in many pulse crops when they are weakened by other stress factors (Singh and Mehrotra, 1982) . WRR is an important disease affecting seedling establishment of chickpea which leads to the reduction of chickpea yields in Canada (Hwang et al., 2003) . This disease is most commonly observed at early in the season when soil moisture content is often high; however, it also can be observed any time during the season.
All the R. solani strains vary in cultural appearance, anastomosis groupings (AGs), virulence and physiology (Parmeter and Whitney, 1970) . Many scientists tried to organize R. solani isolates into groups on the basis of various morphological, physiological, pathological characteristics (Sherwood, 1969) and anastomosis behaviour (Parmeter et al., 1969; Ogoshi, 1987) . The major drawbacks in morphological characteristics of the pathogen are the reliance on the ability of the organism to be cultured, the time consumption, labor intensive nature, and the requirement for skilled taxonomical expertise (Lievens et al., 2005) . Grouping of R. solani based on AG's, is time consuming because the amount of time for anastomosis to occur is not predictable and hyphal overlapping (Zhang and Dernoeden, 1995) .
To avoid the above limitations, a new era of DNA based markers system (De Curtis et al., 2004; Schena et al., 2004) begun with the RAPD markers (Williams et al., 1990) . Random amplified polymorphic DNA (RAPD) offers a promising, versatile and informative molecular tool to detect genetic variation within population of plant pathogens (Sharma et al., 2005) .
The identification of WRR infected chickpea plant is very complicated because many soil borne fungal pathogens such as Fusarium species, Sclerotinia sclerotiorum, Rhizoctonia bataticola, Pythium spp. show similar symptoms like gradual yellowing, wilting of foliage and root rotting. Early and accurate detection and identification of plant pathogens are essential for effective plant disease management. Molecular techniques can overcome many of the shortcomings of the conventional assays, espe-cially if they make use of the PCR (Lievens et al., 2005) .
RAPD is frequently used for genetic diversity analysis of fungal pathogens, owing to its simplicity, low cost and lower infrastructure requirements (Sharma et al., 2005) . However, the fragment polymorphisms used in RAPD markers are not always reproducible (Shimada et al., 2008) . This limitation can be overcome by converting RAPD's into sequence-characterized amplified region (SCAR) markers. Compared with conventional PCR for pathogen detection, RT-PCR is highly sensitive, quick and efficient molecular technique for the gel free detection of many plant pathogenic fungi from infected plant and soil samples (Schena et al., 2002; Schena and Ippolito, 2003; Sayler and Yang, 2007; Brierley et al., Ganeshamoorthi and Dubey 5517 2009; Shishido et al., 2010; Guo et al., 2012) . A molecular marker for detection of R. solani in chickpea is lacking. The present study was aimed to characterize the chickpea population of R. solani and to develop a reproducible and sensitive SCAR marker for detection of R. solani from infected chickpea plants and this primer was further validated with Q-PCR.
MATERIALS AND METHODS

Fungal cultures
Fifty (50) isolates of R. solani representing major chickpea growing areas of India were collected from the Pulse laboratory, Division of Plant Pathology, IARI, New Delhi, India (Table 1) for the present study. The isolates were purified by single hyphal tip culture on 1.5% water agar and were transferred to potato dextrose agar (PDA) medium (Himedia, India) . Pure cultures of different isolates of R. solani were maintained at 25±1°C on PDA slants for further studies. The cultures of R. bataticola, Sclerotinia sclerotiorum, Fusarium oxysporum f sp ciceris and Pythium aphanidermatum were also obtained from the Pulse laboratory, Division of Plant Pathology, IARI, and New Delhi, India and maintained on PDA medium for the study.
Aggressiveness of the isolates
Pot experiment in net house was conducted to determine the aggressiveness of the isolates of R. solani included in the present study. Surface sterilized (0.1% formalin) plastic pots (20 cm) were filled (2 kg pot -1) with sterilized soil (1% formalin). The soil was inoculated 2-days prior sowing with 10-day-old inoculum (10 g kg -1 soil) of R. solani multiplied on sorghum grains (Dubey et al., 2009 ). Ten seeds of chickpea variety JG 62 were sown in each pot during winter season of 2010-2011 in three replications. The incidence of wet root rot was recorded at 15 days interval up to maturity of the crop plants. The data were analyzed statistically in completely randomized design (Gomez and Gomez, 1984) using Windostat version 7.0 (Indostat Services, Hyderabad, India). The statistical significance was assessed at p<0.05 and Fisher's least significant difference test was used to separate means.
Extraction of DNA from R. solani
For DNA extraction, mycelial cultures of the isolates of R. solani and chickpea pathogenic fungi used in the present study were grown in PDA (Himedia, India) for five days in incubator shaker (120 rpm at 25±1°C). Mycelium was harvested and DNA was extracted according to standard protocols (Murray and Thompson, 1980) . The mycelium (1 g) was collected with a pre-cooled mortar and pestle and mixed with pre-warmed (65°C) 2% CTAB DNA extraction buffer. The tubes were incubated in a water bath at 65°C for 1 h with gentle shaking at every 10 min intervals. After incubation and cooling at room temperature, an equal volume of phenol/-chloroform/isoamyl alcohol (25:24:1) was added and mixed gently to denature proteins and centrifuged at 12,000 rpm at room temperature for 20 min. The aqueous phase was transferred to a new sterile tube and equal volume of chloroform/isoamyl alcohol (24:1 v/v) was added and mixed gently and centrifuged at 10,000 rpm for 10 min. The aqueous phase was transferred to a new sterile tube and last step was repeated once again to get pure DNA. The aqueous phase was transferred to a new tube and DNA was precipitated with 0.6 volume of ice cold isopropanol and 0.1 volume of 3 M sodium acetate and allowed to precipitate at -20°C for 3-4 h, followed by centrifuging at 10,000 rpm for 10 min at 4°C. The supernatant was discarded and the pellet was washed twice with 70% ethanol and dried at either room temperature or 37°C. The DNA pellet was resuspended in 100 to 200 μL TE buffer and stored at -20°C for further use.
RAPD analysis
Ten (10) RAPD primers were obtained from Sigma, Bangalore used in PCR (Table 2) . Amplification reactions were done in a 25 μL reaction mixture containing 50 ng template DNA, 1.5 U Taq DNA polymerase (Bangalore Genei, India), 3.5 mM of MgCl2, 0.6 mM of each dNTPs (Bangalore Genei, India), and 10 pmol of primer in 1X reaction buffer. PCR was performed by using gradient thermal cycler (Eppendorf ep TM , Germany) with 94°C for 5 min for initial denaturation followed by 40 cycles at 94°C for 1 min denaturation, annealing at 35°C for 1 min, and extension at 72°C for 2 min with a final elongation of 72°C for 5 min. Amplified products were analyzed by electrophoresis in 1.0% agarose gel in 1X TAE buffer. A 1 kb ladder (Bangalore Genei, India) was used as a marker. Gels were stained with ethidium bromide (1 μg/mL) and observed under UV light in gel documentation system (Bio-Rad™,USA).
Data analysis
DNA fingerprint data generated by RAPD primers were converted into binary matrix. The presence (1) and absence (0) of each DNA band of a specific molecular weight was recorded for each gel. Pairwise comparisons were made by using the Jaccard similarity coefficient and the NTSYS-PC programme version 2.02 (Rohlf, 1998 ). Jaccard similarity coefficients were used to construct the unweighted pair-group method with arithmetic means (UPGMA) dendrogram (Jaccard, 1901) .
Elution, DNA cloning and sequencing of RAPD fragments
The PCR product (≈1.7 kb) amplified by the RAPD primer OPA 11 from the DNA of R. solani isolate RHRG 14 was purified from the gel using Qiagen gel extraction and purification kits (Promega, USA). The cloning of fragments was performed with pGEM-T Easy vector system (Promega, USA) following standard procedures (Sambrook et al., 1989) . The competent cells were prepared (Mandel and Higa, 1970) and recombinant plasmid DNA was isolated (Birnboim and Dolly, 1979) . The presence of the insert was confirmed by restricting the recombinant DNA with Eco RI and colony PCR. The positive clones were selected for sequencing (Xcelris Labs Ltd, Banglore, India).
Designing of SCAR primer
Designing of SCAR marker was done using Primer 3 (v. 0.4.0) software (Rozen and Skaletsky, 2000) . From cloned RAPD fragments, one pair of primer was made based on terminal sequences for expression of the selected RAPD marker to a SCAR primer pair SCAR-GS (forward: 5′-GTGGA ACCAA GCATA ACACT GA-3′) and SCAR-GS (reverse: 5′-AGTTT CAACA ACGGA TCTTT GG-3′). During the blast analysis, the SCAR sequences showed more than 98% similarity with 5.8S ribosomal RNA gene, ITS and 28S ribosomal RNA gene partial sequences of R. solani. The nucleotide sequences of SCAR were submitted in Genbank (ID: 1616092). PCR was carried out in 25 μL reaction volumes contain-ing 10 pmol of primer (SCAR-GS F and SCAR-GS R), 1.5 U Taq polymerase, 10X PCR buffer, 3.5 mM MgCl2, and 0.6 mM dNTPs (Bangalore Genei, India).
Amplification was performed in a thermal cycler with the following reaction conditions: initial denaturation at 94°C for 5 min, followed by 35 cycles consisting of denaturation at 94°C for 1 min, annealing at 60°C for 1 min, extension at 72°C for 2 min and a final extension at 72°C for 5 min. Amplified products were separated on 1.4 % agarose gel in 1% TAE buffer, pre-stained with ethidium bromide (1 μg/mL) and electrophoresis was carried out at 70 V for 1 h in TAE buffer. A 100 bp ladder (Bangalore Genei, India) was used as a marker. The gel was observed under ultraviolet light in gel documentation system (Bio-Rad™, USA).
Specificity and sensitivity of PCR method
The DNA of 50 isolates of R. solani and four other soil borne pathogens of chickpea, R. bataticola, S. sclerotiorum, F. oxysporum f sp ciceris and P. aphanidermatum were used to determine the specificity of the markers SCAR GS F and SCAR GS R developed in the present study. To evaluate the sensitivity of the PCR assay, the different concentrations of the genomic DNA obtained from mycelia and infected roots were used to determine sensitivity of the markers. Non template control was also used for comparison. The experiments were repeated at least three times.
Q-PCR assay
Quantitative-PCR (Q-PCR) was performed with a low profile 0.2 ml 8-tube strips without caps, white and optical flat 8 cap strips (BioRad, USA) in the Miniopticon, 48 wells real-time PCR machine from Bio-Rad, USA. Each well contains a 20 μl reaction mixture that includes 10 μl of 1x Sso FAST TM Evergreen master mix (Bio-Rad, USA), 2 μl of primer (5 pmol of each forward and reverse SCAR primer) and 6 μl of sterile double distilled water. Extracted DNA ( 1μl) at 100 ng/μl was added to the reaction mix. Every DNA sample was analyzed with duplicate real-time PCR reactions. Q-PCR was performed under the following conditions: 95°C for 3 min, 39 cycles of 95°C for 10 s, 60°C annealing for 10 s and 72°C extension for 15 s. Absolute Q-PCR was employed to determine the quantities of R. solani DNA in infected chickpea roots. Genomic DNA from R. solani with an estimated initial concentration of 100 ng/μl was serially diluted (1:10) with sterile distilled water. The results were analyzed by plotting the log of template concentration against threshold cycle (Ct) values. The extracted DNA from infected plant sample was used as unknown targets for identification and detection of R. solani. A real-time PCR assay typically was performed with three replications. The standard error of the mean was calculated accordingly. The sensitivity or minimum detection limit of the assay was estimated so as to quantify and detect the lowest amount of target DNA.
RESULTS
Aggressiveness of the isolates
The isolates (50) of R. solani representing 10 states of India ( Figure 1) were variable in their aggressiveness on chickpea variety JG 62 and caused 8 to 100% disease incidence (Table 1) . Twenty (20) isolates proved to be highly aggressive and caused > 50% disease incidence. Other 20 isolates showed moderate aggressiveness by causing > 20 to 50% disease incidences and the remaining 10 isolates were less aggressive and caused < 20% disease incidence.
RAPD analysis
RAPD analysis generated very distinct banding pattern, which resulted in considerable variability among the isolates collected from different states of India (Figure 1) . The number of amplified DNA fragments varied, depending upon the primers and isolates used. In all the chickpea isolates of R. solani, the primers used produced reproducible bands with band size ranging from 0.25-3 kb ( Table 2 ). The primers OPA18 and R28 produced the maximum number of bands whereas; the primers A03 and A08 (Figure 2a) produced the minimum number of bands. OPN 20 also gave 100% polymorphism ( Figure  2b ). RAPD primers produced 84 polymorphic and one monomorphic (OPA11; Figure 2c ) bands. The similarity values of RAPD profiles ranged from 0.52 to 0.93 among all the isolates. A dendrogram (Figure 3) showed estimated similarity from 52 to 93%, reflecting wide range of variability among the diverse collection of the isolates at their molecular level. Based on UPGMA analysis, 50 isolates of R. solani were classified into six major groups at 55% of similarity coefficient. Among the six groups, the third and fourth each had 14 isolates belonging to different anastomosis groups (AGs) and geographical locations. The fifth group consisted of two isolates belonging to different AGs from same geographical location (Haryana). The strongest relationship (93% similarity) was scored between R. solani isolates RAPG 9 (AG3) and RAPG 11 (AG2-2). The first group consist of three Karnataka isolates [RKNG 9 (AG1), RKNG 10 (AG2-2LP) and RKNG 11 (AG4)], 3 Andhra Pradesh isolates [RAPG 9 (AG2-2), RAPG 9 (AG3) and RAPG13 (AG2-3)] and Gujarat isolate RGJG5 (AG5) were highly diversified in AGs wise. Three isolates from AG5 (RTNG4, RUPG103 and RMPG31) and 2 isolates each one from AG1 (RMHG31) and AG3 (RUPG100) constituted the second groups. The sixth group had eight isolates belonging to different states and AGs.
Development of SCAR marker and Q-PCR
A set of distinctive SCAR marker, namely SCAR GS-F and SCAR GS-R for the identification of WRR of chickpea caused by R. solani was developed by cloning and sequencing of the specific DNA fragment (≈1700bp) amplified by RAPD primer OPA11 (Figure 2c ). The primer gave a single PCR product of size 285 bp in all the isolates of R. solani. The amplification was not obtained in other soil borne plant pathogenic fungi namely, R. bataticola, S. sclerotiorum, F. oxysporum f sp ciceris and P. aphanidermatum (Figure 4) . The marker was able to AG 1; [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] AG 3; [31] [32] [33] [34] AG 4; [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] AG 5, , 51, Rhizoctonia bataticola; 52, Sclerotinia sclerotiorum;, 53, Fusarium oxysporum f sp ciceris; 54, Pythium aphanidermatum; 55, non template control and M-100 bp ladder.
amplify the genomic DNA of R. solani upto 0.5 ng concentration. In infected chickpea roots, R. solani could be detected by PCR using the SCAR marker with a detection limit of 5ng (Figure 5a and b) . The amplification was not obtained from the DNA of healthy chickpea roots. In real time PCR assay, the minimum detection limit of SCAR GS-F and R primer was 1 pg at Ct value of 34.70 for infected chickpea plant samples (Figure 6 ) while the non-template control (NTC) was detected at ct around 37.60.
DISCUSSION
The study clearly indicates that there was considerable variability among R. solani isolates collected from different chickpea growing areas of India. Using RAPD-PCR, closely related strains of a pathogen can be distinguished without prior knowledge of the nature of polymorphic regions. PCR-based DNA fingerprinting, particularly with short oligonucleotide primers, had been used earlier for the analysis of genetic variation in plant pathogens (Purkayastha et al., 2006; Sharma et al., 2005) . The isolates of R. solani included in the present study showed high genetic variation from 52 to 93%. The RAPD-DNA fingerprint analysis showed variations at the DNA level and these considered suitable for differentiation of R. solani isolates (Monga et al., 2004) . The chickpea isolates of the pathogen were classified into six groups having the isolates representing different AGs and areas of origin. This evidently indicated the presence of extremely diverse populations of the pathogen in India. A similar result was reported by Dubey et al. (2012) with R. solani isolates from different pulse crops. They also observed that the molecular markers were not able to differentiate all the AGs representative isolates into separate groups (Dubey et al., 2012) . The isolates were variable in causing wet root rot incidence during pathogenicity test and showed low to high aggressiveness on chickpea variety JG 62. The correlation between aggressive groups and the molecular groups generated through RAPD analysis clearly indicated that out of 50 isolates, 20 isolates were highly aggressive, 20 isolates were medium aggressive while only 10 isolates were less aggressive. The 20 highly aggressive isolates were from seven different states of India representing both northern and southern parts of the country. The majority of the isolates from Tamil Nadu, Gujarat, Rajasthan, Haryana and Delhi were highly aggressive. Each RAPD group had the isolates from different agro-ecological regions, AGs, and aggressive group.
Out of 14 isolates in the RAPD group IV, 10 were highly aggressive. Both the isolates of RAPD group V originnating from Madhya Pradesh were medium aggressive. Thus, RAPD groups were partially corresponding to the aggressive groups of the isolates. The present study also clearly pointed out that most of the isolates were not corresponding to the geographical origin and AGs because the geographical distribution of R. solani has been associated with such factors as host range (Anderson, 1982) , soil type (Parmeter et al., 1969) , altitude (Galindo et al., 1983) , and cropping pattern (Ogoshi and Ui, 1983) .
The RAPD primers OPA 11 produced a product of ≈1.7 kb which was considered suitable for development of SCAR markers to detection of R. solani in chickpea and subsequently a 285 bp size of SCAR marker was developed. The marker was not able to amplify the DNA of the other soil borne plant pathogenic fungi commonly occurring in the chickpea field. The credibility of diagnostic method was based on the lowest detection limit of genomic DNA of the pathogens. The sensitivity analysis of the SCAR markers developed in the present study shows that the PCR with the SCAR markers produced positive results with as low as 0.5 ng template DNA. In infected chickpea, R. solani could be detected by PCR using the SCAR primers with a detection limit of 5 ng template DNA. However, a comparison of genomic DNA from fungal culture versus that for DNA from infected samples showed that the plant genomic DNA may reduce the sensitivity of the assay. The marker developed in the present study considered as sensitive and to detect the pathogen in infected chickpea roots. PCR-based SCAR markers were commonly used for detection of several plant pathogens (Larsen et al., 2002; Grosch et al., 2007; Ladhalakshmi et al., 2009; Nithya et al., 2012) .
Q-PCR is used as a tool for quick, specific and sensitive detection and quantification of soil borne fungi (Wang et al., 2006; Elsalam et al., 2006; Shishido et al., 2010) . In the present study, it was demonstrated that a conventional PCR assay using SCAR-GS F and R primer pair could detect DNA of R. solani upto 5 ng but Q-PCR assay achieved minimum detection level upto 1 pg DNA from infected chickpea root samples. Q-PCR is not only accurate in the detection and quantification of plant pathogens but it is also less labor and time consuming technique. This is the first report of molecular detection of R. solani in chickpea using a SCAR marker with RT-PCR. In the present study, RAPD analysis established the heterogeneous populations of R. solani isolates present in the chickpea growing areas of India. This might be due to the cultivation of different varieties of chickpea having various genetic backgrounds. The information in respect of genetic diversity and AGs distribution of the pathogen generated in the present study could be used for breeding for area specific resistant cultivars of chickpea. The SCAR marker developed could be used successfully to detect R. solani causing WRR of chickpea in infected plant samples. The marker may be used for detection of the pathogen from seeds and soils as the pathogen is seed and soil borne in nature.
